1. Proteolysis of immunoglobulin G with long-acting thyroid-stimulating activity with papain and pepsin shortened the duration of thyroid stimulation in mice prepared for the McKenzie (1958) bioassay. The time-course appeared to be related to molecular size. 2. The activity after proteolysis was recovered solely in the electrophoretically slow Fab-fragment. 3 . There was no immunological cross-reaction between pituitary thyroid-stimulating hormone and the active fragments of the long-acting thyroid stimulator despite their similar behaviour in the bioassay. 4. The implications of these findings are discussed.
Chemical and immtnological studies on the LATS* detectable in the serum of some patients with thyrotoxicosis have shown it to be associated with IgG (Adams & Kennedy, 1962; McKenzie, 1962; Kriss, Pleshakov & Chien, 1964) . Attempts to dissociate the thyroidstimulating activity from IgG have been unsuccessful (McKenzie, 1962; , suggesting that LATS activity may be an inherent property of specific IgG molecules.
Much information has been obtained relating the gross structure of IgG to serological activity, particularly in rabbit antibodies. Available evidence indicates that human IgG is essentially similar (Cohen & Porter, 1964) . The four-polypeptidechain structure proposed by Porter (1962) has been generally confirmed by subsequent work.
Analytical methods developed to study antibodies have been used in an attempt to determine the distribution of thyroid-stimulating activity in the peptide chains of LATS-IgG. Reduction of active IgG indicated that the heavy (y) chains (Fleischman, Pain & Porter, 1962) carry the active portions of the molecule (Meek, Jones, Lewis & Vanderlaan, 1964; Dorrington, Munro & Carneiro, 1964) . Separation of the peptide chains resulted in a variable loss of activity which probably accounts for discrepancies between the results from the two groups.
This paper describes results obtained with proteolytic enzymes used to degrade LATS-IgG * Abbreviations: LATS, long-acting thyroid stimulator; the nomenclature used for the immunoglobulins and their subfractions is that recommended by the World Health Organisation (see Cohen, 1965). in an attempt to locate the activity within the molecule.
METHODS
Bioassay of thyroid-stimulating activity. The method of McKenzie (1958) was used with minor modifications (Major & Munro, 1962) . To control assay conditions separate groups of mice (White Swiss; University of Sheffield Breeding Unit) were injected with 0-15M-NaCl buffered with phosphate to pH7-4, two doses of International Standard thyroid-stimulating hormone and two doses of a standard for LATS . Groups of five mice were used for each material tested. The volume injected intravenously was 0-5ml. Blood samples (0-1ml.) were withdrawn immediately before and 3hr. and 10hr. after injection.
The significance of the responses in the test groups has been tested against the control animals injected with 0-15 m-NaCl by using Student's t test and P< 0-05.
I8Olation of IgG. Immunochemically pure IgG was obtained from active and control sera by precipitation with (NH4)2SO4 followed by chromatography on DEAEcellulose (Levy & Sober, 1960) with 0-01 M-phosphate, pH 6-6. The isolated IgG accounted for 10-12% of the total serum protein with S20,w 6-5-6-6 s.
Papain digestion of IgG. This was performed according to Porter (1959) . Chromatographic analysis of the papain digest was effected by gradient elution from DEAEcellulose (Edelman, Heremans, Heremans & Kunkel, 1960) at pH7-8. The starting buffer was 5mM-phosphate and the limit concentration 0-5m-phosphate.
Protein determinations. Protein concentrations were determined by absorption at 276m,u in a lm. cell of an automatic recording spectrophotometer [Optica (U.K.) Ltd.]. (Table 1) . This change accompanied the characteristic reduction in sedimentation rate of the digested IgG and separation of the antigenic determinants on immunoelectrophoresis (Edelman et at. 1960) .
Chromatographic analysis of the papain digest on DEAE-cellulose separated the Fab-and the F.-fragments. With this system Fab could be isolated free from F0, as judged by immunoelectrophoresis. The short-acting thyroid-stimulating activity exhibited by the whole papain digest of LATS-IgG was localized entirely in Fab; F0 was devoid of activity (Table 1) .
After incubation of LATS-IgG with pepsin at pH4-0 approximately two-thirds of the protein was recovered after dialysis. The sedimentation coefficient of the recovered protein was 4-9s and when assayed the response to this component was long-acting, as the original IgG (Table 1) . However, when this fragment was incubated with cysteine the sedimentation rate dropped further to 3*5 s and the assay response became short-acting, resembling the effect of papain (Table 1) .
Since it was impossible to distinguish between the thyroid-stimulating activity of Fab from LATSIgG and pituitary thyroid-stimulating hormone from their bioassay responses, the relationship between the two was assessed by immunological cross-reaction studies ( Table 2) .
The long-acting response to LATS-IgG was completely annulled on incubation with anti-IgG, anti-Fab and anti-F0. It was not significantly affected by anti-(human thyroid-stimulating hormone) serum.
Incubation of the papain digest of LATS-IgG with anti-IgG and anti-Fab abolished the shortacting response. However, anti-F. and anti- (human thyroid-stimulating hormone) sera were ineffective under identical conditions.
The assay response to human pituitary thyroidstimulating hormone was only neutralized when incubated with the homologous antiserum.
DISCUSSION
The effect of papain and peptic proteolysis on the bioassay response to LATS-IgG confirms and extends the previous findings of Meek et al. (1964) . These workers were able to isolate pieces I and II, using the nomenclature for rabbit IgG (Porter, 1959) , although only piece I was active at the concentrations tested. It was suggested that the shortacting activity may have been due to thyroidstimulating hormone bound to IgG, although there is considerable evidence that the two thyroid stimulators are distinct (Adams, 1965; Dorrington & Munro, 1965) . Kriss et al. (1964) reported that papain destroyed all the activity of LATS-IgG although their modified McKenzie assay is insensitive to thyroid-stimulating hormone and probably also to a short-acting papain digest.
The results of the chromatographic and sedimentation-velocity studies on LATS-IgG agree with previous studies on human IgG with papain (Edelman et al. 1960; Franklin, 1960; Hsiao & Putnam, 1961) and on rabbit IgG with pepsin (Nisonoff et al. 1960) .
Proteolysis of IgG has been shown to result in a decrease in molecular size (Charlwood, 1959; Noelken, Nelson, Buckley & Tanford, 1965) Convincing evidence has been obtained that the thyroid-stimulating activity of LATS-IgG is associated exclusively with Fb.
(1) Chromatographic analysis of the papain digest of LATS-IgG showed that only Fab possessed activity. The isolated Fab-fragments were immunochemically free of F,. (3) Pepsin destroys F0 yet the activity remained and on reduction was associated with F'b. The F'b-fragments formed under these conditions appear to be similar to Fab produced by papain (Mandy, Rivers & Nisonoff, 1961; Goodman & Gross, 1963) . The specific association of thyroid-stimulating activity with Fab may be of significance, as the antibody-combining site of antigen-specific IgG is located on this fragment (Cohen & Porter, 1964) . The disulphide bond-reduction studies of Meek et al. (1964) suggested that the A-chains were active when prepared from LATS-IgG. A combination of these two pieces of evidence implies that Fd (A-piece) carries the active sequence. However, more work needs to be done on isolated A-and B-chains in view of the discrepancies in the results obtained by Meek et al. (1964) and Dorrington et at.
(1964).
The results presented in this paper provide circumstantial evidence that LATS activity is a property of peptide fragments within specific IgG molecules. On the basis of this evidence, however, it is not possible to decide whether LATS is an antibody.
An autoimmune aetiology for thyrotoxicosis has been suggested (Adams, 1965) , involving the interaction of LATS-IgG with an unidentified thyroidal antigen. Various suggestions have been put forward as to the nature of this antigen. An intracellular thyroid-stimulating hormone binding site has been implicated (Adams, 1965; , possibly associated with the nucleus (Kriss et at. 1964) or some factor which normally inhibits thyroid metabolism Kriss et al. 1964) . However, in the last analysis proof of this hypothesis will depend on the characterization of a thyroidal antigen which initiates the synthesis of a specific IgG with LATS activity. The search for such an antigen is being actively pursued in several Laboratories.
